The current worldwide trend in the treatment of peripheral arterial disease (PAD) is towards an increase in endovascular procedures either in the aorto-iliac area or in the infrainguinal district. However, the role of the open repair with a femoro-popliteal bypass is still debated and in our opinion there still a room for traditional surgery in the presence of complex lesions involving the superficial femoral artery and the popliteal and tibial vessels. In this field, vein bypass provides better results than prosthetic grafts, but in selected cases and not only in the absence of a suitable vein, new modified grafts may be used with satisfactory results. The choice between the two options, open and endovascular, that in some cases can be associated in hybrid procedures, depends on several factors. Only if we are able to take into account all the different preoperative issues, we could choose the right procedure in the right patient.
Review Article
The current worldwide trend in the treatment of peripheral arterial disease (PAD) is towards an increase in endovascular procedures either in the aorto-iliac area or in the infrainguinal district. As an example, the EVEM report, one of the most popular registries in Europe for vascular and endovascular interventions, recently reported a significant increase of endovascular approach for infrainguinal disease in the recent years.
The increasing trend in favor of the endovascular techniques has probably to be attributed to two main factors. In first instance, young vascular surgeons are more prone towards the new technologies and their training is easier and shorter than that requested for performing traditional interventions; the second issue is the request and the better acceptance by the patients of a less invasive endovascular procedure.
Clearly, the two options, vascular and endovascular, should not be completely alternative and the surgeons should be able to choose the best procedure in the single patient. In addition, the possibility of performing hybrid interventions, which means to use the two techniques in the same patient during the same operation, represents another opportunity for the surgeon.
The hybrid intervention is used when an endovascular approach alone is not feasible or it is supposed to be unable to warrant a satisfactory result. Typical examples are the endarterectomy of common femoral artery associated with stenting of the iliac axis or with angioplasty of the superficial femoral artery and the femoropopliteal bypass associated with the angioplasty of the tibial vessels, in the latter case in order to improve the outflow.
Another important issue of the endovascular techniques is their possible role in maintaining the patency of the so called failing bypass grafts. The possibility to treat with an endovascular procedure an anastomotic stenosis before it leads to graft occlusion allows to prevent a redo surgery that would be more complex and technically demanding. of late complications in terms of graft failure is still not negligible.
Among the factors affecting the patency of femoropopliteal bypasses, the clinical presentation, the level of distal anastomosis, the graft material and the status of the outflow vessels seem to be preponderant. Several studies have shown that the femoropopliteal prosthetic grafts have a 5-year patency rate significantly lower than the vein bypasses, and it is commonly accepted that the vein performs better than prosthetic grafts and should be used whenever possible. 7) When a vein bypass fails, the causes of such a failure can depend on patient's characteristics (demographic, comorbidity, genetics), on altered biological response (proliferation of smooth muscle cells, vascular remodeling, inflammation, functionality of endothelium) and on technical factors (quality and caliber of the vein, inflow and outflow status, technical errors). 8) Recently, a basic science study has shown that a mutation of the p27 gene can be associated with the outcome of the surgical bypasses. 9) Other authors tried to create a prognostic score for the saphenous vein bypass (CRAB); the considered factors were: age >75 years, prior amputation/revascularization, ulceration, hemodialysis, recent angina, emergent case, partial/total functional dependence. 10) On the other hand, the main factor associated with late failure of prosthetic graft has been supposed to be dependent on the intrinsic thrombogenicity of synthetic materials, along with the miointimal hyperplasia at the anastomotic sites and the progression of atherosclerosis on inflow and outflow vessels.
In order to improve the patency rate of the prosthetic grafts, some modifications, either morphological, such as a precuffed graft for the distal anastomosis, or biochemical, in particular with the introduction of an heparin-bonded surface, have been proposed. 11) In Italy, a multicentric graft-based registry on the use of heparin-bonded ePTFE grafts has been working since 2002. Seven centers are involved, with the aim to assess the early and long-term results of this graft. Being a registry, neither exclusion nor inclusion criteria were required, and the choice of the graft was at the surgeon's discretion and not only in the absence of a suitable saphenous vein.
The results of such registry, which have been published in several international journals, [12] [13] [14] are satisfactory in the early and long term settings, showing
In the attempt to define the indications and the limits on the treatment of peripheral artery disease, the TASC classification has been created and updated. It divides the aorto-iliac localizations from the infrainguinal ones and each area is divided into classes A, B, C and D. In class A the endovascular treatment is strongly recommended, while in class D surgical treatment is strongly recommended. In classes B and C a primary approach with endovascular or open surgical repair is suggested, respectively. 1) As far as the infrainguinal diseases are concerned, the class A includes short stenoses or occlusions of the superficial femoral artery, while the class B includes short multiple or longer single lesions. The class C comprises multiple or single long lesions of the superficial femoral artery, while class D comprises long occlusions of SFA involving also popliteal or tibial vessels.
Several studies have shown that patients with critical limb ischemia have an increased risk of initial failure compared with claudicants, probably due to severity of the disease and the consequent complexity of the surgical techniques. 2) Endovascular surgery in these patients may represent a first line treatment, due to the less invasiveness of the procedure, leaving open surgery as an alternative option for the future. In this sense it is of paramount importance the behavior of the physician who performs the endovascular procedure. In other words, it is crucial to preserve a healthy distal arterial segment which can be used as the distal anastomotic site for a future surgical bypass in the case of an endovascular failure. 3) Regarding some specific issues, it is still rather controversial the use of stents in SFA, clinical studies having not yet shown their effectiveness in the treatment of superficial femoral artery occlusions. 4) Furthermore, the endovascular treatment in young patients 5) and in women 6) is questionable, being a statistically significant difference in term of primary and secondary patency in comparison with elderly and men.
Even in the presence of such a large diffusion of endovascular techniques in patients with PAD, a significant number of patients still requires a surgical bypass due the complexity of arterial lesions or following the failure of a primary endovascular attempt. Open surgery has been demonstrated to provide good and long term results, even if the rate
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primary and secondary patency rates at 7 years of more than 40% and 50%, respectively. Even if such values are still poorer than those obtained with autologous vein in the same centers in the same period of time, no differences were found with vein bypasses in terms of amputation-free survival.
A subgroup analysis is on the way in order to create a score for predicting the results of heparinbonded grafts and for possibly detecting those patients who can primarily benefit from a prosthetic graft even in the presence of a suitable autologous vein. Preliminary data seem to indicate that in highly selected male patients undergoing primary below-knee intervention, with rest pain rather than ulcers and at least two patent tibial vessels, the results of heparin bonded graft are similar to those of autologus vein in terms of primary and secondary patency and amputation-free survival.
Regardless the choice of the appropriate technique and of the material for revascularization, a careful analysis of the clinical status, of the morphology of the lesions and of local and systemic surgical risk, along with the experience and the surgical volume of the operators and of the hospital are at the moment the main issues to be considered when planning an invasive procedure in the infrainguinal district. 15) Probably in the future another crucial point will be the impact of the procedure on the quality of life of the patient. Preliminary findings 16) seem to demonstrate that open surgery for PAD provides a significant improvement in health status and quality of life in the long-term follow-up. On the other hand, endovascular treatment seems to give better early satisfaction because the patient does not suffer from immediate social restrictions and has a general perception of a better physical status in comparison with open surgery.
Conclusions
In the era of endovascular procedures, bypass surgery still represents a safe and feasible option in patients with complex femoro-popliteal lesions requiring technically demanding procedures. In patients requiring a surgical bypass for critical limb ischemia, the autologous vein remains the material of choice. The role of modified prosthetic grafts is still under investigation: they can represent an effective alternative to autologous vein when it is absent or of poor quality and
